SUMMARY Labile blood pressure elevation is believed to have less clinical significance than "fixed hypertension." This assertion was examined in the Framingham cohort of 5209 men and women followed for 20 years for the development of cardiovascular events in relation to three routinely measured blood pressures at each of 10 biennial examinations.
LABILE HYPERTENSION is regarded as a relatively innocuous antecedent of "fixed" hypertension.1 As such, it is common clinical practice to consider labile hypertension unworthy of treatment. 2 The purpose of this report is to examine the concept of labile hypertension and its role in the development of cardiovascular disease in the Framingham Study. This cohort has been followed over 20 years for the development of cardiovascular disease in relation to three routinely obtained biennial blood pressures. The lability of pressure is calculated from these readings and its net effect on risk of cardiovascular disease, taking the average level of pressure into account, is ascertained.
Methods
The Framingham cohort consists of 2336 men and 2873 women ages 30-62 years at entry to the study in [1948] [1949] [1950] [1951] [1952] . They received a standardized, routine reexamination for the development of cardiovascular disease every 2 years. Cardiovascular events and mortality that occurred in the 20 years of follow-up were ascertained by means of these biennial cardiovascular examinations and surveillance of hospital admissions and deaths. Criteria for cardiovascular end points have been given elsewhere. 3 The examination procedures, sampling, type of follow-up and response rates have been described in detail previously. 4 The examination procedure includes blood pressure measurements, an ECG, a car-diovascular physical examination and history, a cigarette history and a variety of blood chemistries, including cholesterol, lipoproteins and blood sugar.3 Systolic and diastolic pressures were obtained using a mercury sphygmomanometer with a 14-cm cuff long enough to fit the most obese arm. The subject was seated and the left arm was used. Recommendations of the American and British Heart Associations were followed.5 Palpation was used to check auscultatory findings. Diastolic pressure was read at the fifth Korotkoff phase. Readings were made to the nearest even number. Beginning in 1950, three pressures were obtained routinely on each subject: one by the nurse and two by the examining physician -one at the start of the exam, the other at the end of the interview after the blood specimen was obtained.
The relation of the various components of pressure under consideration -the mean, minimum, maximum and variability -to subsequent appearance of cardiovascular disease was evaluated by estimating a logistic function using the methods of Walker However, this concept of "lability" is confounded by the statistical phenomenon of regression toward the mean. A subgroup selected because it is above average pressure and then remeasured, will be closer to the mean for the entire sample and hence lower on the second measurement.
One indication of the lability of the blood pressure is the standard deviation about the mean of a series of pressures obtained over an hour on a particular biennial examination. An approximation of this standard deviation for two measurements is the absolute difference between the measurements. About 65% of those examined had differences in two systolic measurements, made by a physician, of less than 10 mm Hg; for diastolic, 81% had a difference less than 10 mm Hg. Differences greater than 20 mm Hg occurred in less than 10% of persons for systolic and in only 2% for diastolic (table 2).
The variation of blood pressure during the 1-hour exam did not appear to be a repeatable characteristic of a subject. The variation at one moment was unrelated to variation at another. While the blood pressures themselves were highly correlated in a subject from one exam to the next (table 3), the correlation of standard deviations of blood pressure from one examination to another is extremely low whether 2 years or 18 years apart (0.08 and 0.04, respectively).
Analysis of subjects who had all 10 examinations shows that extreme variability of systolic blood pres- (table 4) . In comparing the number of persons with high variability with that expected from the binomial function, there are slightly more subjects observed than expected in those categories with the more frequent occurrences (three or more exams with high variability). This is consistent with the small but positive correlation coefficient described earlier.
However, the magnitude is very small. If four or more occurrences of high variability may be thought to indicate an individual with "characteristically high variability," there are only 12 more individuals so observed than expected out of a population of 1785. Thus, although pressures do vary some during an office examination (table 1) , there is little evidence to support the contention that there are actually identifiable persons in a population who characteristically (fig. 2 ). Also, at any level of pressure the risk is greater when it is the lowest than when it is the highest of a series of pressures. This is merely a reflecof tion of the higher average pressure of the former. In exany event, the converse is not true. It is not safe to disregard patients whose pressures fail to be persistently elevated on every determination if the average pressure is high. It would seem that the best indicator of risk is the average of a series of office pressures rather than the lowest reading. Though all measures demonstrate nearly equal relative risks, the average of a series would yield a more precise estimate of a person's blood pressure.
Whereas the risk of cardiovascular disease is best judged from the average of a series of pressures, the risk is unaffected by the variability of these pressures about the mean. Patients whose pressures are more "labile" have no lower risk of cardiovascular events than those whose pressures were less variable. In fact, taken alone, the risk of cardiovascular disease actually increases with the degree of variability in pressure (table 8) . However, this reflects only the higher average pressure of those with more variable values. When this is adjusted for the mean level of pressure by computing coefficients of variation, there is no relation of variability to risk. A surer way of disentangling the effects of lability from the pressure level is to compute multivariate regression coefficients, allowing an interpretation of the net effect of each component of the pressure. This shows coefficients for lability that are neither substantial nor statistically significant and they are not negative (table 9) . Thus, there is no indication of a lesser risk in relation to lability, taking the level of pressure into account. In fact, there is no suggestion of any influence of lability, one way or the other, on risk of cardiovascular sequelae of hypertension.
Discussion
Blood pressure is a dominant contributor to the major cardiovascular diseases, particularly for stroke and cardiac failure.'0' 11 Epidemiologic data have clearly shown that casual office pressures are highly predictive of subsequent incidence of cardiovascular disease. Physicians appear convinced that they can improve on this by attention to the lability, systolic and diastolic components, repeated measurements over a period of observation and basal pressures.
Casual pressures can be obtained more reproducibly by standardizing the measurement situation, making sure that the subject is tranquil and rested, and by acclimatization through repeated measurements."' 12 Whether this is a more appropriate measurement for evaluating risk is uncertain. It can be argued that a casual measurement is more representative and relevant.9' 10 The initial examination blood pressure measurement at Framingham was somewhat higher on average than on later exams, presumably due to the novelty of the procedure, and predicted cardiovascular disease at least as well as pressures on later exams.9
Variation in blood pressure has been examined previously, but its significance in evaluating risk has not been clearly determined. '13-5 The lack of precision in the diagnosis of "hypertension" is surprising, considering that it is a prevalent and powerful contributor to cardiovascular disease. Over the years, hypertension has been subdivided into malignant and benign and labile and fixed varieties in an attempt to distinguish severe from mild forms of the disease process.
The malignant or accelerated variety appears to be a distinct entity with a unique vascular pathology -a necrotizing, fibrinoid arteriolar process. Labile hypertension has no such distinguishing features. In fact, almost all normotensive persons occasionally have pressures above the arbitrary normal limits. '6' '7 Likewise, almost all patients with so Greater attention to diastolic than systolic casual office pressures, contrary to widely held belief, adds nothing to the precision of risk estimates.'0 11 Disregarding those with isolated systolic elevations is also a mistake.'0 More important in assessing the gravity of the average blood pressure is the height of the systolic pressure, the number of associated cardiovascular risk factors and whether or not there is target organ involvement.' This is true whether the pressure elevation is labile or fixed.
